The paper provides a selection of manifold results and findings gained within a national research and leader project, called "addmanu" , which has motivated a lot of other researchers and companies to go into this interesting field of metallic additive manufacturing. New material developments, lightweight AM-concepts, hybrids, components having a very complex geometry, production of very small channels, reduction of surface roughness, and the production of a series of parts in high-tech application areas are demonstrated.
Introduction
In order to foster the market potential and to concentrate on problematic issues of additive manufacturing, an Austrian leader project was established. The project was sponsored by The Austrian Research Promotion Agency (FFG) over a period of three years with more than 20 research partners coming from universities, R&D firms, and industry. In mid 2018, the project called "addmanu" was successfully completed. The project structure covered aspects of design, processing, and applications of components made from metals, polymers, ceramics, and hybrids. In this paper, only metallic systems are considered, with special emphasis on new powder materials, hybrids, topology optimization and joints between dissimilar materials, fabrication of small channels and surface modifications. Regarding potential application fields, demonstrator examples for mechanical engineering, tools for injection moulding, lightweight automotive components, nozzles for aerospace technology, and composites with special properties for satellites are shown. Basics, classifications, process descriptions, economical aspects, and typical applications are not considered in this paper but can be found in the available literature [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Structure of Leader Project "addmanu"
The main structure, working packages, and location of scientific and industrial partners are shown in Fig. 1 . The main objectives were focussed on the development of new AMmaterials, modelling, and simulation of new industrial processing types, on the analysis of requirements and process-oriented design rules as well as on process integration and new business models. The definitions of the working packages (WPs) were based on a SWOT-analysis [11] on AM-and SLM-technology, respectively. The project was aligned to strengthen the value-added chain from produc- [12] tion of power material to typical application areas like automotive, aeronautics, tool making, electronics, and hightemperature materials. WP5 to WP8 concentrated on nonmetallic materials, i. e. mainly ceramics and polymers, using processes like stereo-lithography or the FDM process. In the following, the objectives and findings in the WPs are described in detail.
A typical knowledge map for the use of selective laser melting is shown in Fig. 2 [12] , which makes the manifold issues and complex interrelations visible. Material aspects, like laser weldability, powder characterisation, selection of proper process parameters, AM-oriented design, consideration of residual stresses or distortion, and the optimization of almost 100 processing parameters can only be performed within a well-balanced consortium as was provided in "addmanu" .
New Metallic Materials and Hybrids Made by SLM
The objective in WP1 was the development of newly advanced SLM-powders for use in injection moulding dies.
The high-alloyed powders were designed to have improved service properties, like increased hardness and wear resistance, higher thermal conductivity, and better polishing properties. Much work was necessary to characterize different powder types, which was based on the guidelines provided in the guideline VDI 3405. In experimental trials with variations of the main process parameters laser power and scanning speed as well as hatching parameters, optimal parameter combinations were found which ensure min. relative densities of 99.5%. Some typical assessments with respect to surface appearance, critical building angle, mechanical properties, and microstructure are shown in Fig. 3 . Details of this experimental work on powder development can be found in [13] [14] [15] .
In a second part of this WP, new innovative hybrid structures were investigated using massive base materials like AlN, Al2O3, MMC, Cu, steel, and powders of steel, CuCrZr, Al, and Ti. As an example for hybrid structures, Fig. 4 shows a cooling structure applied to a Cu-diamond-MMC base material. Cu sputtering was used as an intermediate layer between MMC and a maraging steel. Further details on this work can be found in [16] [17] [18] [19] .
Topology and Shape Optimization of AMParts
Increased requirements for lightweight design and functional integration lead to very complex geometries, which can be produced only by additive manufacturing. Using methods, like topology and shape optimization, coupled with cellular or grid structures, as discussed by Mike Ashby, very efficient lightweight components can be built. In this WP or within the doctoral thesis of A. Walzl [20] [21] [22] [23] , fundamental analytical equations were derived, FE simulations and experimental verifications were done and modified according to the situation of AM production, taking into account processing limits and AM design guidelines. An example for topology optimization and a continuous grid structure is shown in Fig. 5 . For the optimization response parameters, constraint parameters, and objective parameters have to be set. For the processing steps of CAD, mechanical FEM, Laser-Powder Bead data preparation the software packages Inventor, Hyperworks incl. Optistruct and Magics/Netfabb were used. The new calculation procedure for optimized grid structures is given in Fig. 6 .
AM-Process Development for Metallic Structures
To find out the geometrical process limits of SLM and other AM technologies, special trials were carried out to define the smallest channel diameters and very fine surface structures. The smallest diameter factor to build very fine structures was found to be about 0.3 mm. New electro-chemical methods for surface treatment were developed for AlSi10Mg and Hastelloy X components in order to reduce the surface roughness. Ranging from simple geometrical parts to very complex components (Fig. 7) , a reduction of surface roughness from Rz = 130 µm down to 25 µm could be achieved. 
New SLM-Applications of Metallic Components in Mechanical Engineering
To gain a substantial impact for new business areas, the potential of new application areas in mechanical engineering, tool making, automotive, and aerospace were considered in WP4. An overview is provided in Fig. 8 . Several designs and prototypes for inlet nozzles for gaspowered combined heat and power units were made at GE Jenbacher using the SLM-technology. Different nickelbase alloys were used and tested in the lab as well as in gas engines. Aspects of process integration, quality assurance and component qualification were performed. The advanced procedure was also applied for other components, like precombustion chamber (Fig. 9 ) and cooling nozzles.
Tools for injection moulding were investigated in WP 4.2. Near surface and bionic inspired cooling channels were produced by using SLM. The optimal designs were calculated by FEM, and experimental tests were performed to measure the surface temperature (Fig. 10 ). Significant improvements regarding the heat transfer could be achieved, which led to a better productivity or cycle time respectively.
For applications in aerospace, Fotec, RHP, and UT/MUL tried to build very complex components made of very expensive powder materials. Fig. 11 shows an injection nozzle/plate of the third stage of a rocket, which is made of a heat resistant nickel base alloy. In this part, fuel and oxidizer are mixed before the inlet into the combustion chamber. On the right hand side, a trial made from AlSi10Mg is shown. The SLM building time was about one week, the flange diameter was about 250 mm.
Very powerful and light components are required to build satellites. As an example, Fig. 12 shows a body for electronic components. The body needs to be cooled very efficiently. Some parts are made of AlSi10Mg and some are made of Al-MMC with diamond particles in it. The cooling channels have a diameter of 1.335 mm and the smallest fines about 0.5 mm. 
Dissemination of the Results
According to the leader project character, a very broad dissemination was aimed for from the beginning on in various forms: in almost 50 presentations at conferences and special events (e. g. Alpbach in August 2017), participation at fairs (e. g. at Rapidtech2017), workshops (e. g. ERFAround in Leoben), and many publications, some of which are listed below. As far as academia is concerned, three PhD theses and six master's theses were completed, focussing on metallic components only. Two patents were submitted. Some more information is given on our website www.addmanu.at. In a joint action between ASMET and AIT, a roadmap for additive manufacturing is currently being prepared and will be available 2019. In February 2018, most of the participants of the "addmanu" leader project became members of the newly established Austrian platform "AM Austria" (www.am-austria.com). It is worth mentioning that, due to this open knowledge transfer to scientists as well as to companies, additive manufacturing has entered into the curricula of Austrian universities and new business areas have been established in Austria. As a rough number, about 20 companies have in- vested in this new disruptive business field, which demonstrates the overall success of the leader project "addmanu" .
Conclusions
The Austrian FFG leader project "addmanu" with about 20 partners was a great success not only for the participants but also for other interested companies, which could benefit from the knowledge and findings gained. Critical aspects for further use of the disruptive technology of selective laser melting could be clarified and new ideas for more projects could be obtained. The information of the most important findings were spread out in various forms in order to foster further developments in this field.
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